KEY DESCRIPTIVE PATTERNS Machine use varies at intensive margins
Adoptions of modern agricultural technologies can vary not only at extensive margins but also intensive margins. This is also the case for agricultural machinery. For example, spending for agricultural machine rental by adopting households vary considerably across farm households (Figure 1 , based on GLSS). Among IFPRI-SARI data, the intensity of tillage and/or harrowing by tractors on rice plots also vary across households ( Table 1) . While second-plowing and harrowing are less common compared to the first plowing, a fraction of rice producers use them. 92  78  69  42  90  Second Plowing  13  13  11  5  14  Harrowing  14  14  13  5  13  Planting  97  9  8  3  8  Fertilizer application  69  0  0  0  0  Carrying harvest  98  4  4  3 44 Source: Authors based on IFPRI-SARI data.
The intensive margins of machinery adoptions (machine use per unit of land) is one aspect of the gap between smallholders in Asia and African countries like Ghana. Raising such intensity can potentially induce more hiring-service providers to smallholders' farms, partly overcoming market imperfections due to accessibility to hiring-service. Figure 1 illustrates the districts where interviewed tractorowners in IFPRI-SARI data are located, and all districts where they provided hiring services in 2013. Although a significant share of service provisions are still concentrated in home districts, there are also active cross-district movements of these service providers. Understanding what drives the locations decisions is thus important.
Cross-districts service provisions

Spillover potential of high-yielding varieties
Spillover potentials of high-yielding varieties developed by Public-sector Plant Breeding (PB), depend on the similarity of agroclimatic conditions between such PB locations, and conditions where individual smallholders are located (Agroclimatic Similarity).
Agroclimate: Principal components
Quantifying the Agroclimatic Similarity requires characterizing the multi-dimensional nature of agroclimatic conditions. To do so, we construct Principal Components (PC) of agroclimatic conditions, based on several agroclimatic parameters (rainfall, wind, soil characteristics, topographies, etc.) ( Table 2 ). The first PC account for 28 percent of the overall variations in agroclimatic conditions, and the first 3 and 6 PCs account for 54 percent and 81 percent, respectively. Analyses based on 6 PCs can therefore well represent the overall agroclimatic conditions in our sample. 
Agroclimatic Similarity with plant-breeding institutes
Agroclimatic Similarity for each household with PB locations is defined for each of 6 PCs of agroclimatic conditions. It is based on the absolute differences in PCs between household locations, and PB locations with the most similar agroclimatic conditions (smallest difference in corresponding PC (Table 3) . With 6 AS indices for each household, we capture the Agroclimatic Similarity considering multi-dimensional aspects of agroclimatic conditions. Table 4 summarizes the estimated effects of 6 PCs of Agroclimatic Similarity on agricultural equipment rental at both extensive and intensive margins. Some Agroclimatic Similarity-PCs are statistically significantly positive while none are statistically significantly negative. Agroclimatic Similarity is generally positively associated with the probability of adopting machines through rental, and rental spending upon renting, even when considering the multi-dimensional nature of the agroclimatic conditions. Furthermore, the positive effects of Agroclimatic Similarity on agricultural equipment rental have thus been strengthened in 2013 and 2017 compared to 2006. Similarly, Table 5 shows that yield has statistically significantly positive effects on agricultural equipment rental at both extensive and intensive margins. Here, none of the year-interaction terms is significant, suggesting that, even in 2006, machine rental was significantly induced once high-yielding production was possible. Table 6 further shows that, among IFPRI-SARI data sample, both Agroclimatic Similarity and yield have significantly positive effects on the tractor use intensity (frequency of harrowing and tillage) on rice plots, among relatively smaller farms (owning less than 20 ha). Yield is in fact positively affected by agroclimatic similarity with PB locations Table 7 shows the effects of Agroclimatic Similarity on yield. Similar to the effects on mechanization adoptions, coefficients on Agroclimatic Similarity are either positively statistically significant, or insignificant, for both GLSS and IFPRI-SARI Data. These support our hypotheses that yield is in fact positively affected by the similarity of agroclimatic conditions with PB locations, which enhance spillover potentials of high-yielding varieties developed by these PB locations. 
RESULTS
Effects of Agroclimatic Similarity on mechanization adoptions at extensive and intensive margins
POLICY RECOMMENDATIONS
Achieving inclusive transformation of agriculture remains crucial in countries like Ghana, where the agricultural sector faces dual-challenges of rising labor costs and persistent smallholder dominance (despite the emergence of larger farmers in certain pockets). Such transformation is expected to require increased use of agricultural machinery like tractors by smallholders. This has largely happened in Asia in the last several decades.
Ghana may be able to follow similar transformation patterns. However, many constraints still need to be removed, including technological, institutional factors. For institutional factors, the government should continue promoting custom-hiring service rather than tractor ownership as the medium for smallholders' access to machines.
For technological constraints, the government should recognize that the demand for machines including tractors must be raised not only at extensive margins (i.e., whether to use machines), but also at intensive margins (i.e., how intensively to use machines). Raising such demand intensity is critical for inducing custom-hiring service providers to serve smallholders because transactions costs are higher in serving smallholders. For one, the government needs to support the diffusion of high-yielding varieties. One way to do so may be to expand the plant-breeding locations, especially in areas that are distinct from existing plantbreeding locations in terms of agroclimatic conditions. Doing so will particularly raise demand for tractors among smallholders located in areas that share similar agroclimatic conditions with those new plant-breeding locations, for which current yield potential is low, and demand is insignificant.
Enhancing demand for machines at intensive margins is a critical complement to other conventional measures (market and trade liberalizations for machines and parts, reduced distortions in subsidies, training on machine use and maintenance, and R&D for local manufacturing / fabrications) which have already been identified in earlier studies on agricultural mechanization in Ghana. Lastly, this approach is likely to be effective for the broader class of farms than in Asia where this is not effective for small-holders above certain thresholds (for example, our companion paper on Nepal shows that similar effects hold only for smallholders owning less 1 ha of land).
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